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with the pump, &c. A steel gasometer floating on mercury, 
and a steel pump working with mercury as a lubricant, had 
also been constructed for me by Messrs. Brin’s Oxygen Co. 
Sir William Ramsay had placed a large quantity of helium 
at my disposal. 

Preliminary experiments with oxygen led me to the 
conclusion that by this method it would be possible to 
attain to, and measure temperatures far below, the melt¬ 
ing point of hydrogen. I may point out that for very low 
temperatures the reading of the manometer attached to 
the thermometer would give a direct measurement of the 
temperature, as the dead space correction would be very 
small. Morris W. Travers. 

Indian Institute of Science, Bangalore, March 29. 


The Radio-activity of Ordinary Metals : the Pene¬ 
trating Radiation from the Earth. 

In a paper in the Phil. Mag., December, 1907, I 
described some experiments made by me on the con¬ 
ductivity of air confined in metallic cylinders, 60 cm. long 
and 24 cm. in diameter, which were made of lead, of zinc, 
and of aluminium. With the zinc and aluminium care¬ 
fully cleaned, a conductivity was obtained for the enclosed 
air, which on reduction gave the value 15 for q, the 
number of ions generated per c.c. per second in the air. 
With . lead cylinders, which were investigated more 
extensively than those of other metals, the conductivity 
exhibited wide variations, and values were obtained which 
ranged from 160 to 23 ions per c.c. per second. 

During the past eight months experiments on the con¬ 
ductivity of air confined in metallic vessels have been con¬ 
tinued in the Physical Laboratory at Toronto by Mr. C. S. 
Wright, and he has now obtained under normal conditions 
with a _ particular lead cylinder of the dimensions given 
above, in a series of observations made in a room in the 
laboratory, a conductivity corresponding to the production 
of 15-3 ions per c.c. per second. With zinc and aluminium 
cylinders, the lowest conductivities obtained in this room 
by him correspond, respectively, to the values 13-4 and 
12-5 ions per c.c. per second for q. 

He_ has also, during this period, conducted a series of 
experiments on the conductivity of air enclosed in these 
cylinders in and about Toronto, and has found that the 
conductivity of the enclosed air varied considerably with 
the character of the soil and rocks in the neighbourhood 
of the points of observation. 

In making measurements on the ice above the water of 
Lake Ontario, the conductivity was found to be very much 
lower over the surface of the water than at points on the 
land on either side of the lake at some distance from the 
shore. In these experiments on the ice the values 8-6, 
6-o, and. 6-55 ions per c.c. per second were found for q 
with, cylinders of lead, zinc, and aluminium respectively, 
and in a more extended series of observations with the lead 
cylinder alone, the conductivity was found to be the same 
over water, with depths varying from 2-5 to 10 metres. 
Measurements were also made on board the steamer 
Corona during one of her passages over the lake, and 
values were obtained for q uniformly lower by approxi¬ 
mately 6 ions per c.c. per second than those found in the 
laboratory at Toronto, although the depth of the water 
at the wharf in Toronto, where the observations in this 
series were commenced, was not more than 6 or 7 metres, 
while it was approximately 150 metres in depth at the 
deepest point on the line of passage. 

Observations made on a sand bar extending out into the 
lake near Toronto gave a value of 9 ions per c.c. per 
second for 9, and others made on land, at some distance 
from the shore, at various points and over different soils, 
gave values ranging from n-2 to 15 ions per c.c. per 
second. 

From the investigation it would appear that the water 
of Lake Ontario, as well as the sand along the shore 
line, contains little, if any, radio-active materials, and 
consequently does not contribute any appreciable propor¬ 
tion of the penetrating radiation observed at points on the 
earth’s surface. 

It would appear, too, from the constancy of the observed 
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drop in conductivity that the water of the lake completely 
screens off any radiation coming from the soil or rock 
beneath it. In order to confirm this view, some experi¬ 
ments were made on the absorbing power of the water 
for the y rays from radium. Thirty milligrams of 
radium bromide were enclosed in a brass tube with walls 
about 1 cm. thick. This tube was laid on the ice, and 
the ionisation chamber placed 113 cm. above it. With this 
arrangement it was found that the conductivity added by 
the radium bromide corresponded to the generation in the 
air in the chamber of 4485 ions per c.c. per second. A 
hole was then made in the ice, and the tube was lowered 
to different depths in the water beneath, the conductivity 
being measured for each position of the radium. At a 
distance of half a metre below the surface the conductivity 
corresponded to the production of 447-2 ions per c.c. per 
second, at 1 metre to 16-11, at 2 metres to 0-69, and at 
3 metres to 0-62 ions per c.c. per second. From these 
numbers it will be seen that a layer of water between 
2 and 3 metres in thickness sufficed to absorb practically 
all the radiation issuing from the radium in the tube. 

In view of these experiments and of those of Elster 
and Geitei, who observed a fall of 28 per cent, in the 
conductivity of air enclosed in an aluminium cylinder, on 
taking this cylinder from the surface of the earth to the 
bottom of a mine surrounded with a wall of rock salt, it 
would seem that the penetrating radiation observed by a 
number of investigators at the surface of the earth is more 
or less local in character, and that, while its existence 
may be traceable to active substances present in the soil 
and rocks, the effective intensity is largely determined by 
the amount of inactive substances it may have to pass 
through in order to reach the surface. 

The extremely low values found for q with the cylinders 
of lead, zinc, and aluminium in the experiments on the 
ice are interesting on account of their uniformity. They 
are, as is evident, of the order of magnitude of effects 
which might easily be accounted for by active impurities 
in the metals, since differences as large as these values of 
q may easily be obtained with cylinders made from 
different samples of almost any metal selected at random. 
Considering also the difference in the atomic weights of 
the three substances aluminium, zinc, and lead, and having 
in mind that radio-activity is a property associated with 
atomic structure, it would seem that if these metals could 
be obtained entirely free from active impurities, and the 
conductivity of air contained in vessels made from them 
studied, it would be found, if the observations were carried 
out under conditions or in places where no ionisation was 
possible from penetrating radiations arising from external 
sources, to drop to a very low value, if it did not entirely 
vanish. 

The experiments described in this note were made with 
one of Mr. C. T. R. Wilson’s latest type of gold-leaf 
electrometers, which was found, on account of its porta¬ 
bility, and of the facility and exactness with which read¬ 
ings could be made with it, to be most admirably suited 
to the purposes of the investigation. 

J. C. McLennan. 

Physical Laboratory, University of Toronto, 

March 30. 


The Theory of Dispersion and Spectrum Series. 

On p. 413 of Nature (March 5) Prof. Schott attempts 
to show that there is an irreconcilable inconsistency between 
Drude’s dispersion formula and Balmer’s formula for the 
lines in the hydrogen spectrum. I imagined that some¬ 
one who could speak with greater authority than myself 
would make the obvious reply, but since no such reply has 
been forthcoming, and the arguments have been re¬ 
published in another journal, I venture to ask for space 
to point out why they appear to me fallacious. 

Prof. Schott’s error consists in assuming that the \ h in 
Drude’s formula is the same as the A-, in Balmer’s formula. 
The >> in Drude’s formula is the wave-length of the light 
for which the medium shows selective absorption ; that in 
Balmer’s formula is the wave-length of the light emitted 
by the gas when in a luminous state. An unintelligent 
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application of Kirchhoff’s law sometimes leads students to 
imagine that the two quantities are identical, but Kirch¬ 
hoff’s law applies only to purely thermal radiation (cf. 
Wood’s “ Physical Optics,” chapter xix.). A gas, such 
as hydrogen, in its non-luminous condition does not absorb 
selectively the light emitted by luminous hydrogen. I do 
not think that any absorption bands in non-luminous 
hydrogen have been detected; they are probably far in the 
ultra-violet, and there is no reason for supposing that 
their wave-lengths will be connected by any formula similar 
to that of Balmer. 

The reason for the difference in the frequencies of the 
absorption bands and the lines in the emission spectrum is 
sufficiently obvious. The emission of light by a gas is 
doubtless connected with the ionisation of its atoms. 
But, when an atom is ionised, the electrons in or surround¬ 
ing that atom are subject to forces entirely different from 
those which act upon them when the atom is ionised; 
there must be a corresponding difference in the periods of 
free vibration. The absorption bands probably represent 
the vibrations of the electrons in the neutral atom, the 
emission spectrum those of the electrons in or around the 
ionised atom. 

Nor is there any reason why the refractive index of a 
luminous gas should differ greatly from that of a non- 
luminous gas, except in the immediate neighbourhood of 
a line in the emission spectrum. (It is relevant to note 
that Drude’s formula cannot be applied to such regions.) 
Only a very small proportion of the total number of atoms 
present is ionised even under the most favourable experi¬ 
mental conditions ; most of the atoms are not ionised, and 
affect the light in the same way as those of a non-luminous 
gas. Of course, if the refractive index due to the luminous 
atoms were really infinite, the refractive index of the 
luminous gas would be infinite, however small the pro¬ 
portion of luminous atoms. But it is impossible that it 
should be infinite; if Balmer’s formula were accurately 
true for all values of m, there would be an infinite number 
of lines in the emission spectrum, implying an infinite 
number of degrees of freedom in the vibrating system. 
According to the modern view, which seems to be accepted 
by Prof. Schott, this system is composed of discrete charged 
particles possessing a finite mass; the number of such 
particles must be finite, and they can only have a finite 
number of degrees of freedom. Experiment can never 
demand an infinite number of lines, for, if m is very great, 
the lines are so close as to be beyond the range of resolu¬ 
tion. Norman R. Campbell. 

Trinity College, Cambridge. 


The Oligochsetous Fauna of Lake Birket el Qurun 
and Lake Nyassa. 

In Nature of August i, 1907 (vol. Ixxvi., p. 316), Messrs. 
Cunnington and C. L. Boulenger wrote a preliminary 
account of the fauna of Lake Birket el Qurun. I am 
indebted to these gentlemen for the opportunity of supple¬ 
menting their account by a note upon the Oligochasta of 
that lake. They were so good as to send to me two tubes 
with a large number of specimens of a small oligochaetous 
worm collected in the lake. These specimens were found 
to belong, without exception, to the species Paranais 
littoralis. The occurrence of this Naid in northern Africa 
is a new fact in its distribution. It has hitherto been met 
with in many parts of Europe, both in fresh water and in 
brackish, even salt, water. As to its marine habitat, it 
has been collected on the shores of Denmark and near 
Odessa. 

It is clear from the fact that this was the only aquatic 
Oligochsete met with by Messrs. Cunnington and 
Boulenger that it must at least be a prevalent form in the 
lake. 

Mr. Cunnington has also kindly placed in my hands 
some examples of aquatic Oligochmta from Lake Nyassa. 
These belong to three species, and the contrast with the 
oligochsetous fauna of the North African lake is very 
marked. The genera represented in Nyassa are Dero, 
Nais, and Pristina, Unfortunately, none of the examples 
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submitted to me are sexually mature. The Pristina I 
identify with Pristina longiseta, a widely spread form« 
The genera Nais and Dero are also found in many parts 
of the world, and as all three genera have already been 
recorded from tropical East Africa (Michaelsen in Zeitschr. 
f. wiss. Zool., Bd. lxxxii,, 1905, p. 289), there is no cause 
for surprise at their occurrence in Nyassa. Still, the fact 
seemed to me to be worth putting on record. 

Frank E. Beddard. 

Zoological Society’s Gardens. 


THE FORTHCOMING DUBLIN MEETING 
OF THE BRITISH ASSOCIATION. 

HE British Association will hold its fourth meet¬ 
ing in Dublin on September 2-8 of this year. 
The three previous meetings took place in 1835, in 
1857, and in 1878. The 1878 meeting drew an attend¬ 
ance of 2578, which was well above the average, and 
it was marked by the presence of an unusually large 
number of men distinguished in scientific or other 
work at the time and since. In his presidential 
address before the Anthropology Section, Prof. 
Huxley spoke prophetically about those “ who may 
be here thirty years hence—I certainly shall not be,” 
little realising how both his prophecies were destined 
to come true. 

Appropriately enough (though, I believe, not con¬ 
sciously in connection with Huxley’s forecast), the 
invitation for 1908 originated with Prof. W. H. 
Thompson, of the physiological laboratory of Dublin 
University. It was originally intended for 1907, but 
1908 was found to be more suitable, and the invita¬ 
tion was formally accepted at York in 1906, where 
a deputation attended consisting of the Provost of 
Trinity College, Prof. Thompson, Dr. Tarleton, Mon¬ 
signor Molloy, Rev. Dr. Delaney, and the Lord Mayor 
of Dublin. The invitation was formally renewed at 
Leicester by Prof. Thompson, Rev. Dr. Delaney, 
and Sir Howard Grubb. At a first meeting at 
the Dublin Mansion House, general and executive 
committees were appointed, and these have been at 
work ever since, with the result that the arrange¬ 
ments are in an advanced state of preparation. Sub¬ 
committees were appointed to deal with finance, 
entertainments, hospitality, and the handbook re¬ 
spectively. The four local secretaries are Dr. Joseph 
McGrath, secretary of the Royal University, Prof. 
W. E. Thrift, Prof. W. H. Thompson, and Mr. John 
Mulligan, of the Hibernian Bank. About 3000I. has 
already been subscribed towards the expenses of the 
meeting. The reduced fare tickets will be available 
for a month, so as to include the excursions subse¬ 
quent to the official meeting. Day excursions will 
be arranged during the week of the meeting to the 
Devil’s Glen and Glendalough in county Wicklow, 
to Powerscourt Waterfall and the Dargle near Bray, 
to the Boyne Valley, and to the Shannon Lakes. 

The presidential address will be delivered by Mr. 
Francis Darwin, F.R.S., on the evening of Wednes¬ 
day, September 2, in the large hall of the Royal 
University. Here also will be delivered two of the 
evening discourses, one on “Halley’s Comet,” by 
Prof. H. H. Turner, F.R.S. (Friday, September 4), 
the other on “ The Lessons of the Colorado Canon,” 
by Prof. W. M. Davis, of Harvard University 
(Monday, September 7). The third evening discourse 
will be delivered to operatives on Saturday, 
September 5. To this discourse ordinary members 
will not be admitted. The lecture hall has not yet 
been decided upon. 

The serious work of the sections will, for the most 
part, be over each day by two o’clock, leaving the 
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